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ORIGINAL ARTICLE
Surgical complications following cochlear implantation in adults based
on a proposed reporting consensus
JONAS JEPPESEN & CHRISTIAN EMIL FABER
Department of Otorhinolaryngology, Odense University Hospital, Denmark
Abstract
Conclusion:The rate of severe complications was low and cochlear implantation is a relatively safe procedure. Standardization is
crucial when reporting on cochlear implant complications to ensure comparability between studies. A consensus on the
reporting of complications proposed by a Danish team of researchers was applied, evaluated and found beneﬁcial. Objectives:
To report the surgical complications following cochlear implantation at our centre, applying and evaluating a proposed
reporting consensus. Methods: A retrospective ﬁle review of 308 consecutive adult implantations in 269 patients between
1994 and 2010 at Odense University Hospital was performed. Results: The three most common major complications were
wound infection (1.6%), permanent chorda tympani syndrome (1.6%) and electrode migration/misplacement/
accidental removal (1.3%). Permanent facial nerve paresis occurred following one implantation (0.3%). Transient chorda
tympani syndrome (30.8%), vertigo/dizziness (29.5%) and tinnitus (4.9%) were the most frequent minor complications.
Keywords: Deafness, hearing loss, inner ear, surgery, CI
Introduction
Knowledge of the risks associated with cochlear
implantation (CI) is important. It is a necessity for
accurate preoperative information and a prerequisite
for the patient to give informed consent. CI is a
procedure that increases the quality of life [1], but
it is not life-saving, and comparison of the advantages
and risks associated with implantation is important.
The annual numbers of implantations performed at
our centre (Figure 1), as well as at other Danish [2,3]
and international centres [4] are rising. Currently
more than 70 adults are implanted each year at
Odense University Hospital (OUH), and as of
December 2010, approximately 219 000 people
worldwide had received a cochlear implant [5]. More-
over, sequential and simultaneous bilateral implanta-
tions are becoming more frequent in many centres
including ours (Figure 1), and knowledge of possible
complications related to bilateral implantation is
necessary.
Retrospective ﬁle reviews are often used for investi-
gating the possible complications related to CI [2]. It is
an easy and inexpensive method for evaluating various
complications at the same time. However, different
classiﬁcations and methods of registration have been
applied. Therefore direct comparison of study results
is often not possible and differences in complication rates
can at least in part be attributed to differences inmethod.
An international reporting consensus is called for.
The aim of this study was to report the frequency of
surgical complications following 308 consecutive CIs
in adults at Odense University Hospital. The interna-
tional consensus on the reporting of cochlear implant
complications proposed by Hansen et al. [2] was used
and evaluated.
Material and methods
Material
The medical records of consecutive adult patients
undergoing implantation between April 1994 and
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December 2010 at our centre were examined retro-
spectively. All available ﬁles from the Departments of
Otorhinolaryngology and Audiology at Odense
University Hospital, both pre- and postoperative,
were examined. If a patient’s postoperative follow-up
examinations were not performed at our hospital, the
medical records were accessed using the E-journal (an
electronic system that grants access to patient medical
records at other Danish hospitals). If not available
through the E-journal, the given hospital was contacted,
and the medical records were sent in writing. Hence all
implanted patients were eligible for complete follow-up.
Patients were generally discharged the day after
surgery. If complications had developed, they stayed
in hospital until the problem was either resolved or
discharge was considered safe. Patients were
instructed to contact the department in case of com-
plications following discharge (e.g. signs of infection,
severe vertigo, etc.). Regular follow-up examinations
at the Department of Otorhinolaryngology were not
scheduled.
Approximately 1 month after surgery the patients
had the external part of the cochlear implant attached
at the Department of Audiology. Regular follow-
up examinations performed by a doctor at the depart-
ment of audiology and adjustments by an assistant
audiologist were typically scheduled 1, 6 and
12 months later. Subsequently patients were offered
further follow-up examinations on request. Otomi-
croscopy, audiometric testing, vestibular testing,
auditory brainstem response (ABR), medical history
and computed tomography (CT) or magnetic reso-
nance imaging (MRI) of the temporal bone were
included in the preoperative evaluation of candidacy
for cochlear implant surgery in all patients.
Methods
The medical records were examined for complica-
tions arising between April 1994 and 1 January 2012.
Implantations performed after 31 December 2010
were not included in the study, as a time frame of
1 year after implantation was considered the mini-
mum to allow for complications to arise. As a rule,
paediatric patients (deﬁned as under the age of 15) are
not operated at our centre and were not included in
the study.
A surgical complication was deﬁned as an unex-
pected medical event related to the procedure itself
and causing additional morbidity (e.g. vertigo or infec-
tion) or a need for additional surgery (e.g. electrode
migration) [2].
The surgical complications were characterized as
major or minor. A major complication was deﬁned as:
(1) a signiﬁcant medical problem (e.g. meningitis);
(2) an event leading to additional major surgery due to
a patient-related problem (e.g. cholesteatoma or
explantation of the device for any other reason than
device-related failure); (3) any degree of permanent
disability (e.g. permanent facial nerve paresis).
Any complication not falling into at least one of the
above-mentioned categories was classiﬁed as minor
(for further details on the classiﬁcation of minor com-
plications see Hansen et al. [2]). The following were
not classiﬁed as surgical complications: (1) medical
complications (e.g. allergic reactions, drug adverse
effects); (2) technical complications (e.g. facial stim-
ulation, device failure); (3) conditions existing preop-
eratively (e.g. recurrent otitis media); (4) intra- and
preoperative ﬁndings (e.g. abnormal anatomy, middle
ear/cochlear ﬁbrosis).
All registered complications were divided into three
categories according to time of onset: (1) periopera-
tive (occurring during or within 24 h after surgery);
(2) early postoperative (occurring between 24 h
and 1 week after surgery); (3) late postoperative
(occurring later than 1 week after surgery).
The dates of any patient deaths and/or re-
implantations were registered, and the length of
follow-up was calculated as the time elapsing from
0
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Figure 1. Annual numbers of cochlear implantations (CIs). *A simultaneous bilateral implantation accounts for two implantations.
†Sequential bilateral covers implantations where the ﬁrst CI was also performed at our centre.
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implantation until re-implantation, death or the end
of the study period.
Complications were sorted according to time of
onset, major/minor and type of implantation that
had caused them (monaural, simultaneous bilateral
or re-implantation). Complication rates were calcu-
lated as proportions of the total number of implanta-
tions. In case of doubt as to whether an incident was
caused by the procedure, we reported it as a compli-
cation. Changes in preoperatively existing conditions
(e.g. tinnitus and vertigo), although highly relevant,
were not reported, as the method of retrospective ﬁle
review was not considered suitable for this.
Results
In all, 308 implantations were performed in 269 adult
patients: 273monaural or sequential, 30 simultaneous
bilateral (15 patients) and 5 re-implantations. The
median age at implantation was 52 years (range 16–
85 years). The median length of follow-up was
60 months (range 0.39–213 months). The annual
numbers of implantations at our centre are shown
in Figure 1. Hearing loss aetiology and the implant
systems used are presented in Tables I and II, respec-
tively. Five different surgeons performed 140
(45.5%), 107 (34.7%), 30 (9.7%), 2 (0.7%) and 1
(0.3%) implantations each, and 28 implantations
were performed in collaboration between surgeons.
In 22 (7.1%) implantations, the patient had
previously had surgery on the operated ear.
The surgical procedure included a mastoidectomy
and a posterior tympanotomy. In four cases, however,
the cochlea could not be adequately accessed through
a posterior tympanotomy, and a cochleostomy was
performed through the ear canal. Patients with a
radical cavity usually had a subtotal petrosectomy
performed before CI. Full insertion was achieved in
292 of the implantations. In the remaining 16 implan-
tations, the surgeon could not insert all electrodes into
the cochlea (median number of electrodes outside the
cochlea was 3, range 1–15).
Fourteen (4.5%) of the 308 implants were later
explanted for various reasons described in the follow-
ing. Three were in accordance with the European
Consensus Statement on Cochlear Implant Failures
and Explantations (ECSCIFE) [6] classiﬁed as C
(Device failure) and 11 as D(Medical reason).
Surgical complications
A total of 168 (62.5%) of the 269 patients experienced
at least 1 surgical complication; 23 (8.6%) patients
experienced at least 1 major complication and
159 (59%) patients experienced at least 1 minor
complication. Complication numbers are presented
in Table III and complication rates in Table IV.
Preoperative CT/MR imaging of the cochlea was
normal unless otherwise stated in the relevant
sections.
Minor complications
Wound infections. Minor infections developed a
median of 28 days (range 3–358) after implantation.
Table I. Reasons for loss of hearing.
Aetiology of hearing loss n (%)
Meningitis 29 (10.8)
Otosclerosis 8 (3.0)
Pendred syndrome 7 (2.6)
Unknown 36 (13.4)
Usher syndrome 5 (1.9)
Ménieré’s disease 8 (3.0)
Congenital, non-speciﬁed DLA 38 (14.1)
Congenital, inherited DLA 19 (7.1)
Congenital, not inherited DLA 20 (7.4)
Non-congenital, inherited DLA 75 (27.9)
Non-congenital, DLA toxica 3 (1.1)
Non-congenital, post-traumatic DLA 11 (4.1)
Non-congenital, post-infectious DLA 10 (3.7)
Total 269 (100)
DLA, degeneratio labyrinthi acustici.
Table II. Cochlear implant systems used.
Cochlear implant system n (%)
Nucleus 265 (86.0)
Freedom - CI24RE (CA) 136 (44.2)
24 Contour Advance - CI24R (CA) 46 (14.9)
24 Contour - CI24R(CS) 30 (9.7)
CI512 w. Contour Advance Electrode 27 (8.8)
CI24M 15 (4.9)
CI 20+2 8 (2.6)
24 Double Array - CI 11+11+2M 2 (0.6)
CI22M 1 (0.3)
MED-EL 24 (7.8)
SONATA TI-100 19 (6.2)
SONATA TI-100 FLEX EAS 5 (1.6)
Bionics 19 (6.2)
Hi-res 90k 19 (6.2)
Total 308 (100)
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These comprised superﬁcial as well as more extensive
infections. All resolved following treatment with
different combinations of topically administered
substances and oral and intravenous antibiotics.
Labyrinthitis/vestibular neuritis. Three patients were
diagnosed with labyrinthitis/vestibular neuritis at 1,
2 and 34 months after implantation. It was not pos-
sible to discern the two conditions from the ﬁle data.
All three patients recovered spontaneously.
Transient facial nerve paresis. One patient developed
paresis on the operated side immediately after
surgery, primarily involving the inferior branches of
the facial nerve. Two developed mild pareses a few
days after implantation. Late postoperative paresis
occurred in four patients between 9 and 20 days after
implantation. Three of these were treated with pred-
nisolone, two in combination with antibiotics. The
facial nerve was not abnormally located or exposed in
any of the seven patients, nor did any of them show
signs of infection. Complete resolution was seen in all
patients.
Ear canal fenestration. The posterior wall of the exter-
nal auditory meatus was accidently fenestrated in
eight patients during drilling of the posterior tympa-
notomy. One of these was accompanied by a tympanic
Table III. Occurrence of surgical complications.
Monaural and sequential Simultaneous bilateral Re-implantation
Minor Major Minor Major Minor Major
Categories of complications PO EP LP PO EP LP PO EP LP PO EP LP PO EP LP PO EP LP
Facial nerve paresis (n = 8) 1 2 4 1
Vestibular neuritis/labyrinthitis (n = 3) 3
Wound infection (n = 16) 3 7 5 1
Cholesteatoma (n = 2) 1 1
Ear canal fenestration (n = 8) 7 1
Chorda tympani syndrome (n = 100) 8 20 55 5 3 9
Electrode migration/misplacement/
accidental removal (n = 4)
1 3
Tinnitus (n = 15) 3 4 7 1
Eardrum perforation (n = 3) 3
Vertigo/dizziness (n = 95) 50 22 12 3 1 4 3
Persistent pain/discomfort (n = 3) 1 2
Magnet displacement (n = 1) 1
Data represent complications relating to 308 implantations (269 adults): 273 were monaural or sequential, 30 simultaneous bilateral
(15 patients) and 5 were re-implantations. EP, early postoperative; LP, late postoperative; PO, perioperative.
Table IV. Complication rates.
Surgical complication
Surgical complication
rates (%)
Minor complications
Transient chorda tympani syndrome 30.8
Transient vertigo/dizziness 29.5
Tinnitus 4.9
Wound infection 3.6
Ear canal fenestration 2.6
Transient facial nerve paresis 2.3
Eardrum perforation 1.0
Vestibular neuritis/labyrinthitis 1.0
Major complications
Wound infection 1.6
Permanent chorda tympani syndrome 1.6
Electrode migration/misplacement/
accidental removal
1.3
Permanent vertigo/dizziness 1.3
Persistent pain/discomfort 1.0
Cholesteatoma 0.7
Permanent facial nerve paresis 0.3
Magnet migration 0.3
Complications following cochlear implantion 1015
membrane perforation (described below). The fenes-
trations were repaired using muscle, fascia or cartilage
taken from the tragus.
The fenestrations healed well without complications.
None of these patients developed cholesteatomas
during the observation period.
Eardrum perforation. Three patients had iatrogenic
eardrum perforations, of which two were repaired
during surgery using temporalis fascia placed as an
underlay graft. One of the patients had been
implanted through the ear canal. All three healed
during the following 1–2 months.
Tinnitus. The patients were routinely asked about
tinnitus at the preliminary medical examinations and
at follow-up. Only tinnitus not present preoperatively
was regarded as a complication.
Complaints of tinnitus arose after 15 implantations.
One was a simultaneous bilateral implantation, but as
tinnitus was only registered in the right ear, it was
considered a complication of this implantation only.
All cases were intermittent and categorized as minor.
Transient vertigo/dizziness. Cochlear implant recipients
were routinely asked about vertigo/dizziness before
and after surgery. Only cases where vertigo was not
present preoperatively were regarded as having a
complication. Vertigo following simultaneous bilat-
eral implantation was considered a complication to
only one of the implantations.
Dizziness started within 24 h after surgery in 59.3%
of the patients who complained of this, and in 27.5%
it started within a week. The remaining 13.2% com-
plained of dizziness at the follow-up visit 1 month
after surgery, and the exact onset of dizziness for these
patients could not be determined from the medical
records.
The duration of dizziness ranged from 1 day to
2 months.
Transient chorda tympani syndrome. This syndrome was
deﬁned as changes in sense of taste, mouth dryness or
tongue paresthesia [7,8] that developed postopera-
tively. The classiﬁcation of chemosensory disorders
described by Schiffmann et al. [9] was used.
Transient complaints were reported subsequent to
83 unilateral implantations (82 patients as 1 was a
sequential bilateral implantation) and 9 simultaneous
bilateral implantations (18 implantations). Three of
the latter patients had bilateral complaints and were
thus counted as having two complications.
An altered sense of taste occurred either in the form
of hypogeusia (n = 22), dysgeusia (n = 21, in the form
of taste hallucinations), both (n = 6) or were unspec-
iﬁed (n = 40). Patients with dysgeusia discriminated
between the following taste perceptions: metallic
(n = 18), sweet (n = 5), salty (n = 2), bitter (n = 1)
and sour (n = 1). One case of dysgeusia was described
as tactile (dysgeusia happened upon touching of the
cicatrice) [10]. Complaints of altered taste in
10 patients were accompanied by paresthesia of the
tongue and in two of the bilaterally implanted patients
by mouth dryness. In six cases tongue paresthesia
alone was present.
The surgeon reported severing of or other damage
to the chorda tympani nerve in eight implantations
resulting in chorda tympani syndrome and another
eight implantations that were unaccompanied by
symptoms.
Major complications
Cholesteatoma. One patient experienced secretion and
a sensation of pressure in the ear 4.5 years after
implantation. A cholesteatoma was detected. The
patient underwent surgical removal of the cholestea-
toma, without removal of or damage to the implant.
At 43 years before implantation the patient had
already suffered from cholesteatoma in the same
ear and been surgically treated. However, implanta-
tion could not be ruled out as the cause of the new
cholesteatoma.
Another patient was implanted through the ear
canal, as satisfactory access could not be achieved
through the posterior tympanotomy. Two months
later she was explanted due to electrode misplacement
in the vestibule, and re-implanted in the same pro-
cedure. The patient later developed a cholesteatoma
in the mastoid and epitympanum, surrounding the
misplaced electrode originating from the primary
cochlear implant, which had not been removed.
The cholesteatoma as well as the implant, which
had not been useful to the patient, were removed
4 years after the re-implantation.
Both cases have so far been without recurrence.
Electrode migration/misplacement/accidental removal. In
two patients postoperative CT conﬁrmed electrode
placement in the vestibule, and in another two
patients the electrodes were displaced to the middle
ear. During all four implantations, the surgeon eval-
uated the electrodes as fully inserted. In one of the two
latter patients, the electrode had not with certainty
migrated out of the cochlea. It had gone through the
posterior wall of the ear canal though, and was acci-
dentally removed during an otoscopy performed by
the patient’s own otologist. All four were explanted
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and re-implanted in the same procedure. Preoperative
CT was abnormal in one of the patients (cochlear
ﬁbrosis and decreased ﬂuid signal in the basal turn).
Magnet displacement. The internal magnet of a
Nucleus CI24R(CA) implant was displaced following
MRI in one patient. The displaced magnet was
returned in place simultaneously with a sequential
bilateral CI.
Permanent facial nerve paresis. A 44-year-old woman
developed facial nerve palsy on the operated side
4 days after surgery. It involved all three branches
of the facial nerve, and was rated as House-
Brackmann grade III palsy. The middle ear was found
to be normal during surgery and the facial nerve was
not reported as injured by the drill or otherwise. The
patient was treated with 25 mg prednisolone twice a
day for 10 days, and the facial function improved. At
2 years and 8 months later the woman still suffered
from a mild paresis of the nerve, and it was considered
permanent.
Wound infection. Major infections supervened between
4 and 38 months after implantation. Four were con-
sidered abscesses and one a phlegmonous infection.
One infection was treated successfully (resolution
occurred following revision surgery using Gentacoll
and intravenous cefuroxime). The remaining four
implants were ultimately explanted. Two of the
patients were later implanted on the other ear, the
other two were re-implanted on the same ear. None of
the patients experienced new infections.
Permanent vertigo/dizziness. New-onset vertigo/dizziness
following implantation present for at least 1 year was
considered permanent.
This was found in four patients who all started
feeling dizzy on the day of or the day after surgery
and still had complaints after a minimum of 4 years
follow-up. Treatment included vestibular rehabilita-
tion exercises.
Permanent chorda tympani syndrome. Permanent
chorda tympani syndrome (present more than 1
year after surgery) occurred following ﬁve implanta-
tions. These patients complained of an altered sense
of taste. Two experienced hypogeusia, two dysgeusia
(salty taste) and one a combination, with the dysgeu-
sia experienced as metallic taste. In one patient dys-
geusia was accompanied by numbness of the operated
side of the tongue and severe mouth dryness. One
patient lost the ability to season food, whereas another
always had to carry a bottle of water due to severe
dryness of the mouth. The surgeon did not report the
tympanic chord severed or damaged in any of the ﬁve
permanent cases.
Persistent pain/discomfort. Pain and discomfort in asso-
ciation with anterior displacement of a 54-year-old
woman’s receiver/stimulator occurred 2 years after
implantation. The symptoms led the woman to refrain
from using her implant. The receiver/stimulator was
replaced in a new well and her pain and discomfort
subsided. Due to severe postauricular pain two other
CIs were explanted at the request of the patients, and
the symptoms vanished.
Technical complications
Approximately seven (data might be slightly inaccu-
rate) patients showed signs of non-auditory stimula-
tion following attachment of the external part of the
implant (six cases of facial tics and one of ringing in
the ear and headache). In three of these not all
electrodes could be inserted during implantation
(three, four and eight electrodes outside the cochlea,
respectively). In four cases the symptoms were alle-
viated by adjustment of the stimulation proﬁle (e.g.
switching off one or more electrodes). In two the
symptoms resolved spontaneously. In one patient
the symptoms could not be alleviated and the patient
stopped using the implant.
In two patients that were simultaneously bilaterally
implanted, one implant, a MED-EL SONATA
TI-100 and a Nucleus CI24RE(CA), ceased func-
tioning after 5 and 47 months, respectively. In a
monaurally implanted patient the implant, a Nucleus
CI24RE(CA), failed 13 months after implantation.
Technical examinations showed device failure. All
three were explanted and re-implanted in the same
procedure.
Discussion
This is to our knowledge the ﬁrst study to use the
consensus on cochlear implant complications pro-
posed by Hansen et al. [2] besides the authors. Com-
plications following CI at Odense University Hospital
were frequent, with more than half of the implanta-
tions (57.1%) being accompanied by at least one
surgical complication (62.5% of the patients). How-
ever, the majority of these complications were minor
and self-resolving. Major complications were
observed following 24 implantations only (7.8%)
and we therefore consider CI to be a safe procedure.
In all, 4.5% (n = 14) of the cochlear implants
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implanted at our centre were later explanted for
various reasons.
The minor complication rates found in the present
study were generally similar to the adult complication
rates found byHansen et al., who studied complication
rates after CI at Gentofte University Hospital Copen-
hagen (GUHC) [2]. The differences in complication
rates for eardrum perforations, ear canal fenestrations,
transient facial nerve pareses and vestibular neuritis/
labyrinthitis did not exceed 3 percentage points. For
transient vertigo/dizziness the complication rate at
OUH was higher than at GUHC (the rates were
29.6% and 25.0% at OUH and GUHC, respectively).
In another retrospective study 34.7% of the patients
reported subjective episodes of vertigo soon after
implantation [11], whereas 21.3% of patients reported
new onset vertigo in a study by Fina et al. [12]. The
rate of transient facial nerve paresis was 0.71% in a
combined group of children and adults in a retrospec-
tive study by Fayad et al. [13]. Although we found a
complication rate of 2.3%, we consider both rates low
and paresis of the nerve a relatively uncommon com-
plication. Thus, for all the above-mentioned complica-
tions, our ﬁndings corresponded well with those found
in other studies.
The rates of transient chorda tympani syndrome
were 30.8% and 5.7% at OUH and CUHG, respec-
tively. It is mentioned by Hansen et al. [2] that their
rate was probably an underestimation, as taste
changes were not addressed routinely in their study,
and we consider this to be the most plausible expla-
nation for the considerable difference. Further, only
incidents including taste changes (not cases of tongue
paresthesia or xerostomia alone) were reported in the
latter study [2]. Other studies in the ﬁeld have
reported subjective changes in the sense of taste in
up to 45% of the implanted patients [14]. It should be
noted that 60% of the simultaneous bilateral implan-
tations, compared with 31.7% of other implantations,
were accompanied by chorda tympani syndrome in
the present study. Bilateral implantations are thus
associated with a doubled risk, which should be
remembered in preoperative information. Addition-
ally the syndrome may be more severe than in uni-
lateral implantation, which should be investigated in
prospective studies.
Tinnitus was not reported by Hansen et al. [2], as
the ﬁle data were considered inadequate. A
prospective multicentre study [15] reported the
complication rate of newly developed tinnitus to be
10.2% (5 cases in 49 implantations). This is more
than twice the rate found in our study (4.9%). The
difference might be explained by a lack of addressing
this issue during postoperative follow-up in the
present study.
The discrepancy between the complication rates of
minor wound infections at GUHC and OUH (8.85%
vs 3.57%) may at least in part be explained by some
infections at OUH turning into major complications,
whereas all were successfully treated with intravenous
antibiotics at GUHC.
The major complication rates found in the two
studies were highly similar regarding permanent facial
nerve pareses and electrode migration/misplacement/
accidental removal. None of the remaining major
complications found in the present study were
observed at GUHC though. This difference may be
explained by the symptoms not being routinely
addressed at GUHC during postoperative visits at
the outpatient clinic [2], the shorter follow-up time
(36 months vs 60 months) and a lack of a minimum
length of follow-up (1 year in the present study).
In other studies [16,17] the remaining major
complications were observed as well.
We found no cases of excessive/sustained bleeding,
electrode kinking, dural tear, ﬂap necrosis, mastoiditis,
meningitis or death related to implantation.
Direct comparison of rates between studies is difﬁ-
cult because of methodological differences. Variations
in the existing literature include the following.
. Complications included (e.g. some studies report
obviously related complications like vertigo [2] and
some do not [4]). Others include non-auditory
stimulation [4], device failures [16] and facial
nerve exposure [18], although these are clearly
technical problems and perioperative ﬁndings.
. Deﬁnitions of a surgical complication. (For exam-
ple, some studies fail to deﬁne what they consider a
surgical complication. Furthermore different
deﬁnitions are used.)
. Deﬁnitions of major and minor complications (e.g.
some deﬁne these terms [2], others do not [3]).
Some consider a permanent disability major
opposed to others.
. Deﬁnitions of a complication rate (e.g. some
calculate rates as proportions of the total number
of implantations [2], whereas others use the total
number of patients implanted).
. Populations used (e.g. some calculate complica-
tion rates for children and adults separately [2],
others do not [19], although variability has been
documented in the literature between these two
groups [2]).
. Methods of following up (some describe the post-
operative follow-up procedure, e.g. number of
scheduled follow-up visits [16], at which depart-
ments they were carried out, etc., whereas others
do not [2]).
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. Reporting of the surgical approach is not reported
in all studies [2], although studies have found
different complication rates depending on the sur-
gical approach [20].
The different approaches used are especially prob-
lematic when pooled overall, minor and major com-
plication rates are calculated and compared as if they
express equal information. Further it is the separate
complication rates that should be the basis of patient
information, not the pooled rates. The purpose of
calculating pooled rates can thus be questioned, and
we decided not to present pooled rates in this paper.
The proposal of a reporting consensus by
Hansen et al. [2] is to our knowledge the ﬁrst of its
kind, although single suggestions for reporting have
been mentioned in other studies. The proposed con-
sensus was employed in our study and we found it
easily applicable and with a logical construction. How-
ever, we did encounter some minor problems in the
proposed consensus that would beneﬁt from further
elaboration: (i) the question of when a disability should
be considered permanent (we used presence > 1 year);
(ii) clarity on how to categorize if there is doubt about
the temporal occurrence of complications (in the pres-
ent study we used the time of reporting if the time of
occurrence could not be established). As a rule cases of
doubt should be described.
We endorse the notion that an international report-
ing consensus on cochlear implant complications
should be established and recommend that it is based
on the proposal presented by Hansen et al. [2].
Further we present added suggestions for the report-
ing consensus as they appear in Table V. We consider
these items important because surgical approach and
length of follow-up are associated with the complica-
tion rate. Further we assume the symptoms addressed
during follow-up and the type of medical records
reviewed to be related to the complication rates
(e.g., most cases of chorda tympani syndrome were
reported at follow-up examinations at the Department
of Audiology in our setting, hence a review of otorhi-
nolaryngologic medical records only would have
seriously underestimated this complication).
Further, we suggest a preset lower limit in the length
of follow-up to be necessary, as studies including
implantations performed right up to the start of a
review will underestimate complication rates. This
problem is not solved completely by applying a lower
limit (ideally all patients should undergo lifelong fol-
low-up), but as most complications develop within the
ﬁrst year after implantation, we assume this will greatly
reduce the underestimation of the complication rates.
Moreover, like the pooling and analysis of children
and adults as one material obscures potential
variability related to age [2], the pooling of unilateral,
simultaneous bilateral and re-implantations obscures
potential variability related to the type of implanta-
tion. However, the small numbers of re-implantations
and simultaneous bilateral implantations in our study
preclude meaningful separate statistical analysis of
these groups.
Further research is warranted, especially regarding
chorda tympani syndrome, vertigo and tinnitus, as
these complications are possibly more severe in case
of bilateral surgery. Especially vertigo has been some-
what investigated, and there is slight evidence of an
increased risk of symptoms associated with bilateral
implantation. However, these ﬁndings are based on
small populations and prospective studies with long-
term follow-up are essential, to clarify the risk and
severity of bilateral damage to the vestibular system.
Furthermore, the value and relevance of preoperative
vestibular testing is highly debated, as poor correla-
tion between preoperative vestibular hypofunction
and postoperative symptoms has been described.
Finally, we recommend that complication rates
should be calculated as proportions of the total num-
ber of implantations, not the number of patients.
Calculations based on patient numbers do not take
bilateral implantations and re-implantations into
account, thus compromising comparability. Further-
more relevant preoperative information should pro-
vide patients with knowledge of the risks associated
with the impending procedure, making calculations
per implantation the clinically relevant measure.
Table V. A proposal for the reporting of surgical complications in
cochlear implantations.
The surgical technique should be reported (e.g. mastoidectomy and
posterior tympanotomy, a suprameatal approach, etc.)
The follow-up procedure should be described (i.e. how many
planned visits, at which departments and whether a doctor was
present at all visits)
The way the retrospective ﬁle review was carried out should be
described (i.e. which departments’ medical records were reviewed)
The time interval between the date of the most recent implantation
included and the start of the retrospective ﬁle review should bemore
than a year
The paper should describe whether the different subjective
complications were routinely addressed during follow-up visits
(e.g. vertigo, chorda tympani syndrome)
A calculation of length of follow-up should be performed and
account for possible patient deaths and re-implantations
Raw data should be presented and at best divided according to kind
of implantation (monaural and sequential, simultaneous bilateral
and re-implantation)
Complication rates should be calculated as proportions of numbers
of implantations as opposed to numbers of patients
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We now consider the strengths and limitations of
the present study. A retrospective ﬁle review is asso-
ciated with inherent imprecision, as all complications
are not necessarily addressed routinely in the outpa-
tient follow-up after surgery. At our centre chorda
tympani syndrome, vertigo/dizziness and tinnitus
were generally addressed, but the minor complica-
tions in particular may have been underestimated,
and this is a possible bias in our study. Further,
this might explain why some of the previously men-
tioned prospective studies found slightly higher rates.
Especially in bilateral implantations, subjective com-
plaints are difﬁcult to evaluate, as there can be doubt
about the side of implantation causing the symptoms,
or even both implantations being the cause. Major
complications (e.g. the ones leading to explantation)
are presumably registered more consistently, and as a
result not subject to the same variation as the minor
complications. Further some of the registered data
(e.g. cause of deafness) are to a certain degree based
on self-reported patient experiences (e.g. meningitis in
childhood) and might be subject to misclassiﬁcation
errors.
Even using the same consensus, inter-observer var-
iation is never avoided in retrospective ﬁle reviews. It
exists between doctors examining and questioning the
patients, and between the researchers reviewing the
ﬁles. This might contribute to some of the variation
found between different studies. At best this is avoided
through controlled prospective studies, as they can be
used to investigate causality. This is not an argument
for avoiding retrospective ﬁle reviews, nor is it a reason
to stop pursuing consensus, as researchers should
always strive for uniform reporting.
Conclusion
CI is generally considered a safe procedure, which was
conﬁrmed in our study. However, the use of different
deﬁnitions and reporting criteria has obscured the
overview necessary for satisfactory comparison
between studies and preparation of adequate patient
information. An international consensus on the
reporting of CI complications is warranted.
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